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Abstract 
This study examined the potential for Fe mobilization and greenhouse gas (GHG, CO2 and CH4) evolution 
in SEQ soils associated with a range of plantation forestry practices and water-logged conditions. Intact, 30 
cm-deep soil cores collected from representative sites were saturated and incubated for 35 d in the 
laboratory, with leachate and headspace gas samples periodically collected. Minimal Fe dissolution was 
observed in well-drained sand soils associated with mature, first-rotation Pinus and organic Fe 
complexation, whereas progressive Fe dissolution occurred over 14 d in clear-felled and replanted Pinus 
soils with low organic matter and non-crystalline Fe fractions. Both CO2 and CH4 effluxes were relatively 
lower in clear-felled and replanted soils compared with mature, first-rotation Pinus soils, despite the lack of 
statistically significant variations in total GHG effluxes associated with different forestry practices. Fe 
dissolution and GHG evolution in low-lying, water-logged soils adjacent to riparian and estuarine, native-
vegetation buffer zones were impacted by mineral and physical soil properties. Highest levels of dissolved 
Fe and GHG effluxes resulted from saturation of riparian loam soils with high Fe and clay content, as well 
as abundant organic material and Fe-metabolizing bacteria. Results indicate Pinus forestry practices such as 
clear-felling and replanting may elevate Fe mobilization while decreasing CO2 and CH4 emissions from 
well-drained, SEQ plantation soils upon heavy flooding. Prolonged water-logging accelerates bacterially-
mediated Fe cycling in low-lying, clay-rich soils, leading to substantial Fe dissolution, organic matter 
mineralization and CH4 production in riparian native-vegetation buffer zones. 
Keywords Pinus soil·Seasonal flooding·Iron mobilization·Methanogenesis 
 
1 Introduction 
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Subtropical Southeast Queensland (SEQ) has undergone substantial land use change since the 1950s. Large 
areas of exotic Pinus plantations (>105 ha) have been established on seasonally-flooded coastal lowlands, 
with significant areas of native vegetation remaining in poorly-drained soils adjacent to waterways. 
Associated Pinus clear-felling and replanting, as well as seasonal water-logging, are of concern for 
potential disturbance of soil organic carbon (C) and iron (Fe) pools or bioavailability, potentially promoting 
Fe–C cycling and associated Fe mobilization from soils into solution via biological and abiotic mechanisms 
(Chacón et al. 2006; Wang et al. 2008; Lin et al. 2010). Excess Fe dissolution from terrestrial systems can 
lead to increased inputs to associated aquatic systems, presenting a potential risk to groundwater quality 
through biofouling (Stuetz and McLaughlan 2004). Transport of Fe into estuarine and marine ecosystems 
may also provide the limiting nutrient for blooms of potentially-toxic cyanobacteria along coastal SEQ 
(Albert et al. 2005; Bell and Elmetri 2007). In order to mitigate risks to SEQ coastal water quality, it is 
necessary to identify factors influencing Fe mobilization from adjacent soils. 
In the terrestrial subsurface, Fe oxides (including hydroxides and oxyhydroxides) commonly occur as 
small particles (5–100 nm diameter), with large reactive surfaces capable of adsorbing organic and 
inorganic species from solution (Bigham et al. 2002). Crystallized and poorly-crystalline Fe(III) oxides are 
relatively stable and seldom soluble under oxic conditions, but may be subject to active redox cycling upon 
saturation, leading to substantial Fe dissolution and mobilization into groundwater (Lovley et al. 1991). 
Despite abiotic Fe dissolution via protonation and organic reduction or chelation, bacterial Fe(III) reduction 
has been suggested as the primary mechanism for Fe mobilization in soils (or sediments) in situ (Stemmler 
and Berthelin 2003; Gould et al. 2008). Research indicates the presence of cultivable Fe(III)-reducing 
bacteria in subtropical coastal SEQ plantation soils, with no significant variations in their densities between 
plantation clear-felling and replanting (Lin et al. 2010). It is uncertain whether such forestry practices, 
combined with seasonal water-logging, impact Fe bacterial diversity and/or activities, influencing 
bacterially-mediated Fe mobilization in SEQ soils upon flooding. 
Bacterial Fe(III) reduction is an important mechanism for Fe mobilization and organic C oxidation 
(CO2 production). It suppresses methanogenic CH4 evolution via substrate competition for acetate and/or 
H2 (Lovley and Phillips 1986). There is also interest in quantifying the influence of agricultural 
management practices on associated GHG emissions from terrestrial habitats to the atmosphere (Smith et al. 
2003; Waterworth and Richards 2008; Xu et al. 2009). Research indicates pine plantation harvesting can 
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increase water moisture of a Florida sandy soil, changing CH4 flux from sink to source for at least one year. 
Increased CH4 uptake has been reported in a volcanic soil after, rather than during, Pinus harvesting 
(Castro et al. 2000; Tate et al. 2006). Forest harvesting and replanting are thought to increase soil C losses 
via elevation of soil respiration rates (Jandl et al. 2007). However, no study has examined Fe cycling-
associated CO2 and CH4 evolution simultaneously in redox-heterogeneous soils of a subtropical coastal 
ecosystem with managed plantation, as well as native riparian and estuarine vegetation. In addition, 
microcosm studies regarding bacterial Fe(III) reduction and associated GHG evolution have largely used 
anaerobic systems containing homogenized soil/sediment slurries with substantial disturbance of soil 
aggregates (Lovley and Phillips 1987; Roden and Wetzel 1996; Reiche et al. 2008). Thus, these may not 
reflect in situ GHG fluxes due to altered spatial distribution of microbial consortia (Teh et al. 2008). 
This study was conducted in a in a plantation-forested, representative SEQ coastal catchment (Poona 
Creek). We have recently examined the occurrence of Fe and associated bacterial populations in a range of 
catchment soils using wet-chemical extraction and laboratory cultivation (Lin et al. 2011). In the present 
study, we used intact 30 cm-deep soil core microcosms to examine the potential for bacterially-mediated Fe 
mobilization and CO2/CH4 evolution from these soils situated in upper-catchment, well-drained plantation 
areas and mid-/lower-catchment, water-logged, native-vegetation buffer zones. Results were used to assess 
potential impact(s) of forestry management practices and seasonal water-logging on bacterially-mediated 
Fe mobilization and GHG evolution in SEQ coastal lowlands.  
 
2 Materials and Methods 
2.1 Study Site and Sample Collection 
The Poona Creek catchment (ca. 100 km2) is located 300 km north of Brisbane, draining into the 
environmentally sensitive, Ramsar-, and UNESCO-listed Great Sandy Strait (Fig. 1A). Local climate is 
humid subtropical, with annual rainfall approximately 1 148 mm, mostly occurring during warmer months 
(Oct–Mar). Mean monthly maximum temperatures range from 22.0°C in July to 30.7°C in January; mean 
monthly minimum temperature from 8.6°C in July to 20.6°C in January. The catchment is characterized by 
low-Fe sandy soils and Fe-rich ferric soils, as well as localized Fe nodules (Löhr et al. 2010a, b). Soil 
nutrient status is low, including widespread nitrogen (N) and phosphorus (P) deficiencies, sporadic 
potassium (K) deficiencies and varying combinations of trace element deficiencies (Coaldrake 1961). 
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Native vegetation has been cleared since the 1970s to establish exotic Pinus plantations (P. elliottii, P. 
caribaea and hybrids). 
Currently, approximately 35-year-old, first-rotation Pinus plantation covers over one-half of the 
catchment area, awaiting clear-fell harvesting and second-rotation replanting. Organic matter accumulates 
in mature Pinus soils, elevating potentially-bioavailable, poorly-crystalline Fe levels (Lin et al. 2010). 
Native riparian vegetation such as Melaleuca spp. and grass–sedges remain as buffer zones for erosion 
control adjacent to low-lying, poorly-drained soils (Fig. 1B). Associated processes increasing labile Fe 
levels include seasonal water-logging in clay-rich soils on lower slopes, and organic complexation in 
stream sediments containing plant detritus (Löhr et al. 2010b). 
Soil sampling was designed to encompass a range of well-drained, sand soils associated with mature, 
first-rotation Pinus (1R), clear-felling (CF) and second-rotation replanting (2R); as well as water-logged, 
riparian and estuarine soils adjacent to native-vegetation buffer zones (WP sand, PC loam, and TS sand, 
Fig. 1B). Intact 30 cm-deep push cores were collected in duplicate at seven sites using 50 mm internal-
diameter, 45 cm length PVC tubes in September 2009. Cores were sealed using PVC caps and vinyl tape 
for transport to the laboratory within 2 d of collection, and prepared for experimental incubation within 10 
d. Rust-colored microbial mat material in the surface water overlying riparian soil PC (Fig. 1B) was 
aseptically collected as an aqueous slurry suspension in in situ water, stored in an aluminium foil-wrapped 
70 mL plastic specimen container, and transported to the laboratory for microscopic examination. Soil 
physico-chemical and microbiological properties are provided in Lin et al (2011).  
 
2.2 Microcosm Incubation  
Twelve soil cores from six sites (ca. 1 kg wet-weight) were used to establish duplicate microcosms. Top 
caps were removed and individual plants, including surface roots, were aseptically removed using sterile 
tweezers. Cores were re-sealed with bottom caps into which a 45 mm diameter, 1.0 µm pore-size Whatman 
GF/F glass microfiber filter was inserted. The bottom cap had a single 0.5 cm diameter hole in the center 
connected to acid-washed silicone tubing, which was clamped gas-tight throughout laboratory incubation, 
except during leachate collection (Fig. 2). 
Well-drained soil microcosms (1R, 2R and CF) were flooded with ca. 200–240 mL deionized water 
(dH2O) to submerge soil surfaces. Then, 40 mL dH2O was added to all soils (1R, 2R, CF, WP, PC and TS) 
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to simulate 20 mm rainfall. GHG samples were collected as follows: 2 h post-saturation, microcosm 
headspace volume was measured and flushed with air before two 10 mL gas samples were taken at 
successive 1 h intervals (day 0). During the 1 h gas-sampling period, the top of the microcosm was sealed 
using a PVC cap and silicon sealant. One end of a double-cannula, 0.7×40 mm multi-sampling needle was 
inserted through the septum sampling port in the top cap, while the other end was used to pierce the septum 
of a 10 mL evacuated glass Labco Exetainer for sample capture. 
After gas sampling, the bottom tubing clamp was released and 40 mL leachate was drained into a 50 
mL polypropylene conical centrifuge tube (Fig. 2). The pH and Eh were immediately measured on a 
subsample using a calibrated TPS 90-FMLV pH/Eh probe. Subsamples for analysis of total dissolved 
organic C (DOC), Fe and manganese (Mn) were preserved as previously described (Eaton et al. 2005) and 
stored at 4°C prior to analysis. After leachate sampling, top caps were removed and 40 mL degassed dH2O 
added to maintain a submerged soil surface. Gas and leachate samples were collected from microcosms at 
days 0, 1, 2, 3, 5, 8, 11, 14, 21 and 35. As TS estuarine soil was highly impermeable and not susceptible to 
leaching, this soil was only analyzed for CO2 and CH4 flux. 
 
2.3 Leachate Chemistry and Gas Sample Analysis 
Leachate samples and blank controls (dH2O) were filtered through a 0.45 µm pore-size cellulose-acetate 
membrane filter prior to DOC (Shimadzu TOC-5000A) and total Fe/Mn analysis (Inductively Coupled 
Plasma-Optical Emission Spectrometry, ICP-OES – Varian Vista-MPX). Gas samples were analyzed for 
CO2 and CH4 using a Shimadzu GC-2014 gas chromatograph. Net flux rates (mg kg–1 h–1, dry weight-
based) were calculated from the difference in CO2 and CH4 concentrations between 1 h sampling intervals, 
with gas molecular volume corrected using room temperature (25°C). Total GHG flux rates (mg kg–1 h–1) 
were expressed as the sum of CO2 and CH4 flux rates, which were then converted to CO2 equivalents using 
global warming potentials of 1 and 25 (100-yr time scale), respectively (IPCC 2001). 
 
2.4 Microscopic Examination of Microbial Mat 
The PC mat sample was examined using light microscopy (1000× total magnification) without staining. For 
Transmission Electron Microscopy (TEM), a droplet of mat suspension was mounted on a copper grid, 
stained with 1% uranyl acetate for 30 sec, and imaged using a JEOL 1200EX microscope at 80 kV. 
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2.5 Statistical Analysis 
Statistical analysis was performed with PASW Statistics18. Comparisons of leachate chemistry, as well as 
GHG flux rates associated with forestry practices and water-logged conditions, were performed using the 
Kruskal-Wallis test with post-hoc Mann-Whitney U test (p-values adjusted for multiple comparisons 
among means). The relationship between leachate chemical properties and GHG flux rates was analyzed 
using Spearman rank correlation, with p <0.05 considered statistically significant. 
 
3 Results 
3.1 Leachate Chemistry 
Leachate pH progressively increased from slightly acidic to neutral (median pH 5.8–7.0) over 35 d 
incubation for most soils, with substantial increases mainly within the first 11 d (Fig. 3A, B). The largest 
leachate pH increase was in well-drained, 1R plantation soils (pH <4 to >8), with the smallest pH change in 
water-logged, PC riparian soils (pH 6.3–6.9). In contrast, leachate Eh substantially decreased over 5–8 d 
incubation in well-drained plantation soils, then fluctuated, stabilizing between +150 and +200 mV (Fig. 
3C). A similar trend was found in PC riparian soil leachate Eh, which rapidly decreased from >200 mV to 
<0 mV over 5 d incubation (Fig. 3D). 
The level of dissolved Fe was initially low in plantation soil leachate, and progressively increased in 
leachate from CF and 2R Pinus soils over 35 d incubation (<10 to 300 µM, Fig. 3E). By comparison, 
dissolved Fe levels were initially more than 10-fold higher in leachate from WP riparian sand soils, 
generally decreasing over 14 d incubation before increasing again (Fig. 3F). Differently, PC riparian loam 
soils displayed a pulse of leachate dissolved Fe, peaking at 1 403 µM on day 5, corresponding to its lowest 
Eh value, 17 mV (Fig. 3D). Negative correlations were found between leachate dissolved Fe and Eh in 
well-drained Pinus soils, as well as water-logged, native-vegetation soils (p <0.05).  
Dissolved Mn levels increased in leachate from 1R Pinus soils and WP riparian sand soils (<1 to 16 
µM), but remained <3 µM in other soils (Fig. 3G, H). Leachate DOC generally increased over time in well-
drained Pinus soils, although data was limited for 1R due to insufficient leachate volume. A peak was 
found in PC riparian loam soils on day 8 (9 mM) following a dissolved-Fe peak on day 5 (Fig. 4F). Levels 
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of DOC and dissolved Fe were strongly correlated in riparian native-vegetation soils, as well as all well-
drained Pinus soils (p <0.01). 
 
3.2 GHG Fluxes 
Microcosm headspace CO2 effluxes decreased or fluctuated over 11 d incubation for most soils, then 
progressively increased to >1.0 mmol m–2 h–1 (Fig. 4A, B). Despite statistically insignificant difference, 
mean CO2 efflux rates in 1R Pinus soils and PC riparian loam soils were three-to-five-fold higher than 
other soils. CH4 effluxes were consistently low in 2R and CF soils (<1 µmol m–2 h–1), but slowly increased 
over 35 d incubation in 1R plantation soils (<0.1–17 µmol m–2 h–1, Fig. 4C). By comparison, CH4 effluxes 
were significantly higher in water-logged, riparian and estuarine soils (p <0.01), where they peaked after 8–
14 d (PC and TS) or 21 d incubation (WP, Fig. 4D). The highest value was observed after 14 d in PC 
riparian loam soils (17 mmol m–2 h–1). 
CO2 and CH4 effluxes were strongly correlated in riparian and estuarine native-vegetation soils (p 
<0.01), but not in well-drained Pinus soils. Negative correlations were observed between leachate Eh and 
GHG efflux rates in riparian soils (p <0.05). A similar trend in CO2-equivalent total GHG effluxes was 
evident for most samples, with small efflux fluctuations over 7–14 d incubation followed by progressively 
increasing efflux (Fig. 5). An exception was PC riparian loam soils, which showed substantially higher 
total GHG effluxes, especially between 5 and 21 d (up to 440 mmol m–2 h–1, Fig. 5). Total GHG efflux was 
negatively correlated with Eh in riparian soils (p <0.01), but not well-drained Pinus soils. 
 
3.3 Microscopy of Microbial Mat Material 
Light microscopy of PC microbial mat material showed the presence of a variety of distinctive bacterial 
morphologies including tubular sheaths and twisted stalks resembling the Fe(II)-oxidizing/Fe(III)-
depositing bacteria Leptothrix and Gallionella (Fig. 6). TEM analysis also showed the presence of 
morphologically-diverse, stalked, sheathed and unicellular bacteria in the rust-colored mat sample (Fig. 7). 
 
4 Discussion 
4.1 pH and Eh as Indicators of Dynamic Biogeochemical Process 
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Observations of gross changes in soil leachate Eh (Fig. 3A, B) were suggestive of active bacterial processes 
post-saturation, which substantially oxidized organic matter and consumed O2 via aerobic, heterotrophic 
respiration. Associated Eh decreases could promote bacterial anaerobic respiration, which utilizes protons 
to produce alkaline and/or low-redox species, further increasing pH and decreasing Eh (Stemmler and 
Berthelin 2003; Yu et al. 2007). Despite leachate Eh range (0–400 mV) encompassing critical limits for 
Fe(III)/Mn(IV) reduction at circumneutral pH (50–300 mV at pH 6–8) (Gotoh and Patrick 1972, 1974; Yu 
et al. 2007), we observed dissolved Fe levels (Fig. 4E, F) one-to-three orders-of-magnitude higher than Mn 
levels (Fig. 4G, H). This suggested bacterial Fe(III) reduction as the primary mechanism for anaerobic 
organic C oxidation in saturated catchment soils.  
Leachate pH stabilized at neutral to slightly alkaline levels after 14 d incubation for most soils (Fig. 3C, 
D), possibly due to production of organic acids and CO2 via organic matter mineralization, and/or Fe 
precipitation as mixed-valence Fe hydroxides (Atta et al. 1996; Thamdrup et al. 2000; Yu et al. 2007). 
Despite an initial pH >5 in most samples, leachate pH <4 was found 3 d post-saturation in 1R plantation 
soil (Fig. 3A). This indicated potential soil acidification by mature Pinus plantations. Such acidification has 
previously been found associated with mineral weathering, as well as cation and nutrient leaching in forest 
soil upper layers (Arnold 1992; Lilienfein et al. 2000). 
 
4.2 Processes in Well-drained Soils Associated with Forestry Practices  
Fe speciation was not performed on leachate samples, which were acidified to pH <0.5 upon sample 
collection, promoting abiotic Fe(III) reduction. However, research in the same study area showed a lack of 
dissolved Fe(II) in catchment sandy soils, and dissolved Fe consisting primarily of inorganic Fe(II) in soil 
solution collected after heavy rainfall (Lin et al. 2010; Löhr 2011). These findings suggest that the 
increased dissolved Fe levels observed here in leachate from soils post-saturation resulted from reductive 
dissolution of Fe(III) oxides, consistent with negative correlations between dissolved Fe levels and Eh. 
Despite abundant potentially-bioavailable, poorly-crystalline Fe(III) fractions and cultivable Fe(III)-
reducing bacteria (Lin et al. 2011), mature, first-rotation Pinus soils displayed minimal Fe dissolution post-
saturation (Fig. 4E). Together progressive increases in leachate dissolved Mn levels (Fig. 4G) suggested 
abiotic Fe(II) oxidation by Mn(IV) affected the release of dissolved Fe from these Pinus soils. A similar 
phenomenon has been reported in sedimentary environments, where bacterially-produced dissolved Fe(II) 
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was completely depleted from pore water via abiotic Mn(IV) reduction (Lovley and Phillips 1988; Myers 
and Nealson 1988). In contrast, clear-felled (CF) and replanted (2R) Pinus soils, which contain abundant 
Fe(II)-reducing bacteria and low levels of readily-reducible Fe(III) in soluble or poorly-crystalline forms 
(Lin et al., 2011), were associated with substantial Fe dissolution post-saturation (Fig. 3E). This indicated 
bacterial reductive dissolution of crystalline Fe(III) oxides, potentially driven by labile DOC input (Fig. 3I) 
related to leaching of soil surface litter and cell lysis of microbial biomass (Lodge et al. 1994). The plateau 
in associated leachate dissolved Fe levels after 14–20 d incubation (Fig. 3E) indicated bacterial Fe(III) 
reduction was limited by a lack of substrates and/or an equilibrium between biogenic, dissolved Fe(II) and 
insoluble oxide-surface-bound Fe(II) (Roden and Urrutia 1999; Roden et al. 2000). Such an equilibrium is 
unlikely to occur in situ due to the well-drained nature of these loamy-sand soils promoting transport of 
dissolved Fe(II) through pore-water. The attenuation of dissolved Fe could also be related to formation of 
siderite (FeCO3). Due to a lack of soil Mn data, it is unclear whether minimal Mn dissolution resulted from 
a lack of Mn substrates or low Mn reactivity associated with plantation clear-felling and/or replanting. 
Together, our findings indicate the limitations of wet-chemical extraction for examination of oxic soil Fe 
bioavailability (Lin et al. 2010; Löhr et al. 2010b), and hence underestimates the capability of bacterial 
reduction and subsequent dissolution of crystalline Fe forms upon saturation. Further useful information 
may be obtained by porewater extraction and determination of Saturation Indices (SI) for various mineral 
phases. 
The CO2 effluxes from saturated Pinus soils approached the lower range of CO2 effluxes reported for 
several boreal pine forest- and grass-dominated soils in situ (Pihlatie et al. 2007; Kulmala et al. 2008). Low 
CO2 production could be related to the low catchment-wide labile organic C fractions (Lin et al. 2010), 
which corresponded with statistically insignificant variations amongst soil CO2 effluxes related to different 
forestry practices (Fig. 4A). Small increases in CH4 effluxes in saturated first-rotation Pinus soils (Fig. 4C) 
were associated with positive leachate Eh (>+150 mV), which was substantially higher than those reported 
for initiation of methanogenesis in anoxic rice paddy soils (e.g. <–150 mV) (Wang et al. 1993). However, 
Peters and Conrad (1996) demonstrated initiation of CH4 emissions at Eh +70 mV in saturated upland 
forest soils. These findings indicated positive soil Eh (~+150 mV) was not the limiting factor inhibiting 
CH4 emissions from saturated, clear-felled (CF) or replanted Pinus soils (2R, Fig. 4E). Associated 
methanogenic processes was likely suppressed by bacterial Fe(III) reduction via substrate competition. 
 10
Leaf litter removal and soil physical disturbance during clear-fell harvesting and replanting could also 
improve mineral soil drainage capacity and gas permeability, facilitating post-saturation aerobic CH4 
uptake by methanotrophs (Smith et al. 2000; Kiese et al. 2003). 
 
4.3 Processes in Water-logged Soils Associated with Native Vegetation 
Water-logged soils adjacent to Poona catchment riparian native-vegetation buffer zones were associated 
with organic matter accumulation and Fe complexation (Löhr et al. 2010b). This corresponded with 
initially high levels of dissolved Fe in leachate from riparian sand soils (WP), which displayed progressive 
Fe dissolution over 35 d incubation (Fig. 3F). However, it is unclear whether associated Mn compounds 
were present in a reduced state and released during Fe oxide dissolution (Fig. 4G). Despite similar amounts 
of non-crystalline Fe and cultivable Fe(III)-reducing bacteria (Lin et al., 2011), riparian loam soils (PC) 
with high clay and crystalline Fe fractions displayed pulsed Fe dissolution over 3–14 d incubation, with 
leachate dissolved Fe levels averaging 10-fold higher than those in saturated sand soils (Fig. 3F). 
Considering the presence of Gallionella-like stalks and Leptothrix-like sheaths, as well as morphologically-
diverse unicellular cells in associated mat sample (Fig. 6, 7), we suggest neutrophilic, microaerophilic 
Fe(II)-oxidizing and Fe(III)-depositing bacteria occurred in the loam-soil surface water as a mat. 
Associated organisms have the potential to accelerate bacterial Fe(III) reduction by supplying preferential 
substrates (Sobolev and Roden 2001; Emerson 2009), leading to substantial Fe dissolution. Pulsed DOC 
input in leachate from loam soils post-saturation (Fig. 3J) also indicated substantial organic matter 
decomposition coupled with active Fe(III) respiration, and release of surface-bound organic compounds 
during Fe oxide dissolution.  
Water-logged riparian soils functioned as an important source of GHG, particularly CH4 (Fig. 4D). 
Increases in CH4 effluxes showed an 11 d lag in saturated sand soils (WP), following pulsed dissolved Fe 
input over 5–8 d incubation (Fig. 3F). These indicated suppression of methanogenic processes via bacterial 
Fe(III) reduction. Such an effect was not observed in riparian loam soils (PC), in which methanogenesis 
was not completely inhibited by Fe(III) reduction, and CH4 effluxes reached significantly higher levels 3 d 
post-saturation (Fig. 4D). Such a phenomenon has been reported in an acid fen, where fermentative Fe(III)-
reducing bacteria comprised a large proportion of soil microbial consortia, which did not compete with 
methanogens for preferred substrates (Reiche et al. 2008). Due to highest CH4 emissions, CO2-C equivalent 
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GHG effluxes in riparian loam soils post-saturation were 2–4 orders-of-magnitude higher than other soils 
(Fig. 5). These riparian loam soil CH4 effluxes averaged approximately 2 orders-of-magnitude higher than 
those found in several subtropical wetland sediments in situ (Whiting and Chanton 2001). Future bacterial 
co-culture experiments are recommended to examine the impacts of bacterially-mediated Fe cycling, 
including O2-dependent, chemolithotrophic Fe(II) oxidation and anaerobic, heterotrophic Fe(III) reduction, 
on methanogenesis in associated clay-rich soils. 
Impermeable material was observed in 0–10 cm top layers of tidally-influenced estuarine soils (TS, 
pers. obs.), despite their particle volume classification as loamy sand (Lin et al. 2011). Low CO2 and CH4 
effluxes in associated soils (Fig. 4B, D) were consistent with low microbial biomass C and cultivable 
bacterial densities observed (Lin et al. 2011). Together these findings suggested slow bacterial Fe–C 
cycling rates in the estuarine sampling site (TS). 
 
5 Conclusions 
Poona catchment soils contain abundant Fe sources and supported dynamic Fe–C cycling upon redox 
fluctuations post-saturation. Plantation clear-felling and replanting increase the risk of elevation of Fe 
mobilization in well-drained soils, while such practices weakly decreased CO2 and CH4 effluxes upon 
saturation. Seasonal water-logging promoted bacterially-mediated Fe dissolution and CH4 evolution in 
riparian soils, particularly those with high clay fractions. Our findings have implications for coastal forestry 
management practices. 
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Fig. Captions 
Fig. 1 Location of study area (A) Poona Creek catchment on the Fraser Coast of Southeast Queensland; 
and (B) sampling sites in upper-catchment well-drained plantation areas (1R, mature, first-rotation Pinus; 
CF, Pinus clear-felled; and 2R, replanted, second-rotation Pinus) and mid-/lower-catchment native 
vegetation-buffer zones (WP, riparian sand; PC, riparian loam; and TS, estuarine sand) 
Fig. 2 Schematic diagram of microcosms used for laboratory incubation of soils 
Fig. 3 Poona catchment soil leachate chemistry over 35 d incubation of laboratory microcosms at 25°C (A–
B) pH; (C–D) Eh; (E–F) dissolved Fe; (G–H) dissolved Mn; and (I–J) dissolved organic C (bars indicate 
standard error, n = 2) 
Fig. 4 Poona catchment soil GHG fluxes over 35 d incubation of laboratory microcosms at 25°C (A–B) 
CO2 fluxes; and (C–D) CH4 fluxes  (bars indicate standard error, n = 2) 
Fig. 5 Poona catchment soil CO2-equivalent total GHG effluxes over 35 d incubation of laboratory 
microcosms at 25°C; note PC loam soil GHG effluxes substantially higher than other soils 
Fig. 6 Light micrographs of bacterial structures associated with rust-colored precipitates resembling Fe 
oxides in the microbial mat deposited in PC loam soil surface water (A) tubular sheaths resembling 
Leptothrix; (B) twisted stalks resembling G. ferruginea; and (C) heavily encrusted filaments 
Fig. 7 TEM images of morphologically diverse bacteria in PC loam soil surface microbial mat (A) tubular 
sheath; (B) twisted stalk; (C) spiral-shaped bacteria; (D) two overlapping fusiform cells; (E) two rod-
shaped cells in chain; and (F) coccoid cell clusters 
 
